
US 20110084750A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0084750 A1 

KOBAYASHI (43) Pub. Date: Apr. 14, 201 1 

(54) MODULATION APPARATUS AND TEST Publication Classi?cation 

APPARATUS (51) Int CL 
H03H 11/26 (2006.01) 

(75) Inventor: Norio KOBAYASHI, Gunma (JP) (52) US. Cl. ...................................................... .. 327/276 

(57) ABSTRACT 
(73) Assignee: ADVANTEST CORPORATION’ Provided is a modulation apparatus that outputs an output 

Tokyo (JP) signal having a designated amplitude and a designated phase, 
comprising a ?rst variable delay section that outputs a ?rst 

_ delayed signal obtained by delaying a periodic signal by a set 
(21) Appl' NO" 12/849’608 delay time; a second variable delay section that outputs a 

second delayed signal obtained by delaying the periodic sig 
(22) Filed; Aug, 3, 2010 nal by a set delay time; an adding section that adds together 

the ?rst delayed signal and the second delayed signal, and 
outputs the result as the output signal; and a setting section 

(30) FOI‘eigII Application Priority Data that sets the delay times for the ?rst variable delay section and 
the second variable delay section according to the designated 

Oct. 14, 2009 (JP) ............................... .. 2009-237773 amplitude and the designated phase. 

f26 E 
t1 (—* a ) 

22 
’ f 28 

FIRST _ 

VARIABLE S1=V><S|n(wt+a) 
DELAY |/ 

SECTION 
f 20 

PERIODIC . 

RU , SETTING SIGNAL Sm wt 321C Sout=R><Sn(wt+9) 
SECTION GENERATING +)—————> 

SECTION I 

f 24 
30 

SECOND Pi 
S2=V><Sin(wt+ ) SECTION B 



Patent Application Publication Apr. 14, 2011 Sheet 1 0f 11 US 2011/0084750 A1 

éisvswiuww 
\ wt 

“A 
AB+~3VEwx>H5 @N 

w 

Nl % 

2i 3 55m ABAIV 5. 

226mm wzrCww 



Patent Application Publication Apr. 14, 2011 Sheet 2 0f 11 US 2011/0084750 A1 

ow 
AQMVwNAmIIIIII 
44mm 

ow 

N wt ow ow ow I I I 

J4me J4me 
» I 

[III 

I 

I 
I 
I 
I 

l 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 

I 
I 
I 
I 

I 

I 
I 
J 

I 

.-.--.--.-------.> zo_homw qomhzoo 

Amv w 

||||||||| ow 



Patent Application Publication Apr. 14, 2011 Sheet 3 0f 11 US 2011/0084750 A1 

i:50—1 
52 /j,'52 

i 0 o f: 
54 56 50-2 f 



Patent Application Publication Apr. 14, 2011 Sheet 4 0f 11 US 2011/0084750 A1 

A 

OUTPUT 
SATURATION 

LEVEL REGION 
I ‘ \ 

V . _ _ _ _ _ _ _ . _ _ . . _ _ _ _ _ 

> 
< > INPUT LEVEL 

INPUT SIGNAL RANGE 

H6. 4 



Patent Application Publication Apr. 14, 2011 Sheet 5 0f 11 US 2011/0084750 A1 

FIG: 5 



Patent Application Publication Apr. 14, 2011 Sheet 6 0f 11 US 2011/0084750 A1 

Sout = (R, 9) 

FIG: 6 



Patent Application Publication Apr. 14, 2011 Sheet 7 0f 11 US 2011/0084750 A1 



Patent Application Publication Apr. 14, 2011 Sheet 8 0f 11 US 2011/0084750 A1 

Q 

fso 

54 5% I52 pjee 
g—°<> I60 2* i 40 

""" 56 

a U64 

F/Gfé’ 

E 

54 62 56 66 
»J 

: v‘v I \VEF ‘/ 5 68 

H61 .9 



Patent Application Publication Apr. 14, 2011 Sheet 9 0f 11 US 2011/0084750 A1 

69% \ 
\ 

Amv NM 



Patent Application Publication Apr. 14, 2011 Sheet 10 0f 11 US 2011/0084750 A1 

2 mm 

||||_ _| 52w 3% 

N . 

vv 



Patent Application Publication Apr. 14, 2011 Sheet 11 0f 11 US 2011/0084750 Al 

JUDGING SECTION 
110 

/;’124 ACQUIRING SECTION 
> 

4j/200 DEVICE UNDER TEST 
157A; 1!? 

>l 
TEST APPARATUS 

,f’ MODULATION APPARATUS 
lf/122 

DATA GENERATlNG-————> SECTION 



US 2011/0084750 A1 

MODULATION APPARATUS AND TEST 
APPARATUS 

BACKGROUND 

[0001] 1. Technical Field 
[0002] The present invention relates to a modulation appa 
ratus and a test apparatus. 
[0003] 2. RelatedArt 
[0004] Conventional LINC circuits that output modulated 
signals are known, as shoWn in Non-patent Documents 1 to 5. 
These LINC circuits add together tWo periodic signals having 
?xed amplitudes and different phases in order to output a 
modulated signal With the desired amplitude and phase. 
These LINC circuits can output modulated signals having 
large amplitudes and little distortion, regardless of the linear 
ity of the ampli?ers at the output stage. 
[0005] Non-patent Document 1: Lars Sundstrom, “Spectral 

Sensitivity of LINC Transmitters to Quadrature Modulator 
Misalignments”, IEEE TRANSACTIONS ON VEHICU 
LAR TECHNOLOGY, VOL. 49, NO. 4, JULY 2000 

[0006] Non-patent Document 2: Fernando J. Casadevall 
and Antonio Valdovinos, “Performance Analysis of QAM 
Modulations Applied to the LINC Transmitter”, IEEE 
TRANSACTIONS ON VEHICULAR TECHNOLOGY, 
VOL. 42, NO. 4, NOVEMBER 1993 

[0007] Non-patent Document 3: GWenael Poitau, Ahmed 
Birafane and Ammar Kouki, “Experimental Characteriza 
tion of LINC Outphasing Combiners’Ef?ciency and Lin 
earity”, IEEE Radio and Wireless Conference, 2004 

[0008] Non-patent Document 4: Young Yun Woo, Jaehyok 
Yi, Youngoo Yang, and Bumman Kim, “SDR Transmitter 
Based on LINC Ampli?er With Bias Control”, MicroWave 
Symposium Digest, 2003 IEEE MTT-S International 

[0009] Non-patent Document 5: Xuejun Zhang, LaWrence 
E. Larson, and Peter Asbeck, “Design of Linear RF Out 
phasing PoWer Ampli?ers”, (U SA), Artech House, 2003 

[0010] HoWever, these LINC circuits each include tWo 
orthogonal modulators for generating the tWo periodic sig 
nals. The orthogonal modulators are large and exhibit signi? 
cant drift due to temperature and processing. Accordingly, the 
LINC circuits have undesirably large structures and have 
dif?culty outputting stable and accurate modulated signals. 

SUMMARY 

[0011] Therefore, it is an object of an aspect of the innova 
tions herein to provide a modulation apparatus and a test 
apparatus, Which are capable of overcoming the above draW 
backs accompanying the related art. The above and other 
objects can be achieved by combinations described in the 
independent claims. The dependent claims de?ne further 
advantageous and exemplary combinations of the innova 
tions herein. 
[0012] According to a ?rst aspect related to the innovations 
herein, one exemplary modulation apparatus may include a 
modulation apparatus that outputs an output signal having a 
designated amplitude and a designated phase, comprising a 
?rst variable delay section that outputs a ?rst delayed signal 
obtained by delaying a periodic signal by a set delay time; a 
second variable delay section that outputs a second delayed 
signal obtained by delaying the periodic signal by a set delay 
time; an adding section that adds together the ?rst delayed 
signal and the second delayed signal, and outputs the result as 
the output signal; and a setting section that sets the delay 
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times for the ?rst variable delay section and the second vari 
able delay section according to the designated amplitude and 
the designated phase. 
[0013] The summary clause does not necessarily describe 
all necessary features of the embodiments of the present 
invention. The present invention may also be a sub-combina 
tion of the features described above. The above and other 
features and advantages of the present invention Will become 
more apparent from the folloWing description of the embodi 
ments taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 shoWs a con?guration of a modulation appa 
ratus 10 according to an embodiment of the present invention. 
[0015] FIG. 2 shoWs an exemplary con?guration of the ?rst 
variable delay section 22 (or second variable delay section 
24) according to the present embodiment. 
[0016] FIG. 3 shoWs an exemplary con?guration of a cell 
40 according to the present embodiment. 
[0017] FIG. 4 shoWs exemplary input/output characteris 
tics of the ?rst amplifying section 28 and the second ampli 
fying section 30 according to the present embodiment. 
[0018] FIG. 5 shoWs exemplary amplitudes and phases of 
the output signal Sout, the ?rst delayed signal S1, and the 
second delayed signal S2 according to the present embodi 
ment. 

[0019] FIG. 6 shoWs a method for calculating the ampli 
tudes and phases of the ?rst delayed signal S1 and the second 
delayed signal S2 When the designated amplitude R and the 
designated phase 0 are supplied. 
[0020] FIG. 7 shoWs exemplary cells 40 according to a ?rst 
modi?cation. 
[0021] FIG. 8 shoWs a con?guration of a cell 40 according 
to a second modi?cation of the present embodiment. 
[0022] FIG. 9 shoWs a con?guration of a cell 40 according 
to a third modi?cation of the present embodiment. 
[0023] FIG. 10 shoWs an exemplary con?guration of the 
?rst variable delay section 22 and the second variable delay 
section 24 according to a fourth modi?cation of the present 
embodiment. 
[0024] FIG. 11 shoWs exemplary delay signals according to 
a ?fth modi?cation of the present embodiment. 
[0025] FIG. 12 shoWs a con?guration of a test apparatus 
110 according to an embodiment of the present invention. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0026] Hereinafter, some embodiments of the present 
invention Will be described. The embodiments do not limit the 
invention according to the claims, and all the combinations of 
the features described in the embodiments are not necessarily 
essential to means provided by aspects of the invention. 
[0027] FIG. 1 shoWs a con?guration of a modulation appa 
ratus 1 0 according to an embodiment of the present invention. 
The modulation apparatus 10 of the present embodiment 
receives an amplitude and phase designation from the outside 
and outputs an output signal having a prescribed frequency, 
the designated amplitude R, and the designated phase 0. The 
modulation apparatus 10 may be a so-called LINC (linear 
ampli?cation using non-linear components) circuit, for 
example. 
[0028] The modulation apparatus 10 includes a periodic 
signal generating section 20, a ?rst variable delay section 22, 
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a second variable delay section 24, a setting section 26, a ?rst 
amplifying section 28, a second amplifying section 30, and an 
adding section 32. The periodic signal generating section 20 
generates a periodic signal With a prescribed frequency. The 
periodic signal generating section 20 may generate the peri 
odic signal as a sine-Wave signal sin(§2t) With a prescribed 
angular frequency Q, for example. As another example, the 
periodic signal generating section 20 may generate the peri 
odic signal to be a square-Wave signal that includes the sine 
Wave signal sin(§2t) With the prescribed angular frequency 
Qas the primary component thereof. 
[0029] The ?rst variable delay section 22 receives the peri 
odic signal from the periodic signal generating section 20. 
The ?rst variable delay section 22 outputs a ?rst delayed 
signal S 1 by delaying the received periodic signal by a set 
time. 
[0030] The second variable delay section 24 receives the 
periodic signal from the periodic signal generating section 20. 
The second variable delay section 24 outputs a second 
delayed signal S2 by delaying the received periodic signal by 
a set time. 

[0031] The setting section 26 sets the delay times of the ?rst 
variable delay section 22 and the second variable delay sec 
tion 24 based on the designated amplitude R and the desig 
nated phase 0. More speci?cally, the setting section 26 sets 
the ?rst variable delay section 22 to have a delay time t 1 that 
delays the periodic signal by a ?rst phase 0t. The setting 
section 26 sets the second variable delay section 24 to have a 
delay time t2 that delays the periodic signal by a second phase 

[0032] As a result, the setting section 26 can cause the ?rst 
variable delay section 22 to output a ?rst delayed signal S 1 
(S l:S1I1(QI+(X)) that is delayed from the periodic signal by the 
?rst phase 0t. Furthermore, the setting section 26 can cause 
the second variable delay section 24 to output a second 
delayed signal S2 (S2:sin(§2t+[3)) that is delayed from the 
periodic signal by the ?rst phase [3. The calculation of the ?rst 
phase 0t and the second phase [3 is described in detail With 
reference to FIGS. 5 and 6. 
[0033] The ?rst amplifying section 28 ampli?es the ?rst 
delayed signal Sl output from the ?rst variable delay section 
22 to have a predetermined prescribed amplitude V. The ?rst 
amplifying section 28 then supplies the adding section 32 
With the ?rst delayed signal Sl (Sl:V><sin Qt+0t) having the 
prescribed amplitude. 
[0034] The second amplifying section 30 ampli?es the sec 
ond delayed signal S2 output from the second variable delay 
section 24 to have the predetermined prescribed amplitude. 
The second amplifying section 30 then supplies the adding 
section 32 With the second delayed signal S2 (S2:V><sin 
Qt+[3) having the prescribed amplitude. 
[0035] The adding section 32 adds together the ?rst delayed 
signal With the prescribed amplitude output from the ?rst 
amplifying section 28 and the second delayed signal With the 
prescribed amplitude output from the second amplifying sec 
tion 30, and outputs the result as the output signal Sout 
(Sout:R><sin(Qt+0)). The adding section 32 can output an 
output signal Sout (Sout:R><sin(Qt+0)) having the desig 
nated amplitude R and the designated phase 0. 
[0036] FIG. 2 shoWs an exemplary con?guration of the ?rst 
variable delay section 22 (or second variable delay section 
24) according to the present embodiment. The ?rst variable 
delay section 22 and the second variable delay section 24 have 
the same con?guration. The folloWing is a description of the 
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?rst variable delay section 22, and a separate description of 
the second variable delay section 24 is omitted. 
[0037] The ?rst variable delay section 22 includes a plural 
ity of cells 40 and a control section 42. The cells 40 are 
connected in series. Each cell 40 delays the signal passing 
therethrough. Each cell 40 has a variable delay amount. 
[0038] The control section 42 changes the delay amounts of 
the cells 40 such that the total delay time of the cells 40 
connected in series becomes the delay time set by the setting 
section 26. The ?rst variable delay section 22 and second 
variable delay section 24 con?gured in this Way can each 
delay the periodic signal received from the periodic signal 
generating section 20 by the delay amount set by the setting 
section 26. 
[0039] FIG. 3 shoWs an exemplary con?guration of a cell 
40 according to the present embodiment. The cell 40 includes 
a plurality of transmission lines 50 and a sWitching section 52. 
In this example, the cell 40 includes tWo transmission lines 
50, Which are the ?rst transmission line 50-1 and the second 
transmission line 50-2. 
[0040] The transmission lines 50 are provided in parallel 
betWeen an input end and an output end of the cell 40. The 
transmission lines 50 each have different delay amounts. 
[0041] The sWitching section 52 selects one of the trans 
mission lines 50 under the control of the control section 42, 
and causes the signal input to the input end to be output from 
the output end through the selected transmission line 50. This 
cell 40 can change its delay amount under the control of the 
control section 42. 
[0042] FIG. 4 shoWs exemplary input/output characteris 
tics of the ?rst amplifying section 28 and the second ampli 
fying section 30 according to the present embodiment. The 
?rst amplifying section 28 and the second amplifying section 
30 each amplify a signal With an ampli?cation factor that 
causes saturation at the predetermined prescribed amplitude 
V. 
[0043] Here, amplifying a signal to cause saturation refers 
to amplifying the signal in a manner to create a region in 
Which, even When the input signal changes, the level of the 
output signal barely changes, i.e. the change is less than a 
prescribed value. The ?rst amplifying section 28 and the 
second amplifying section 30 can output the ?rst delayed 
signal and the second delayed signal to have the predeter 
mined prescribed amplitude V, even if the linearity is rela 
tively poor. 
[0044] FIG. 5 shoWs exemplary amplitudes and phases of 
the output signal Sout, the ?rst delayed signal S1, and the 
second delayed signal S2 according to the present embodi 
ment. When the phase of the periodic signal generated from 
the periodic signal generating section 20 is 0, the ?rst ampli 
fying section 28 and the second amplifying section 30 output 
the ?rst delayed signal S 1 and the second delayed signal S2 
shoWn in FIG. 5. 
[0045] In other Words, the ?rst amplifying section 28 out 
puts the ?rst delayed signal S1 with the amplitude V and the 
?rst phase 0t, and the second amplifying section 30 outputs 
the second delayed signal S2 With the amplitude V and the 
second phase [3. 
[0046] The adding section 32 adds together the vectors of 
the ?rst delayed signal S l and the second delayed signal S2, 
and outputs the result as the output signal Sout. Speci?cally, 
the phase 0 of the output signal Sout is (0t+[3/2, Which is the 
center point betWeen the ?rst phase 0t and the second phase [3. 
Furthermore, the amplitude R of the output signal Sout is 



US 2011/0084750 A1 

equal to the sum of the cosine component V><cos(0t-((0t+ [3/ 2)) 
of the ?rst delayed signal S l and cosine component V><cos([3 
((0t+[3/2)) of the second delayed signal S2, With the center 
point (0t+[3/2 betWeen the ?rst phase 0t and the second phase 
0 as a reference. 

[0047] FIG. 6 shoWs a method for calculating the ampli 
tudes and phases of the ?rst delayed signal S1 and the second 
delayed signal S2 When the designated amplitude R and the 
designated phase 0 are supplied. When the designated ampli 
tude R and the designated phase 0 are supplied from the 
outside, the setting section 26 calculates the adjustment phase 
4) as shoWn beloW in Expression 1. 

[0048] In other Words, the setting section 26 calculates the 
adjustment phase 4) to be the arccosine cos—l((R/2)/V) of the 
ratio of half the designated amplitude R to the predetermined 
prescribed amplitudeV. Next, the setting section 26 calculates 
the ?rst phase 0t as shoWn in Expression 2. The setting section 
26 also calculates the second phase [3 as shoWn in Expression 
3. 

Expression 1 

0t:6+¢ Expression 2 

[5:e-¢ Expression 3 

[0049] In other Words, the setting section 26 calculates the 
?rst phase 0t(0t:0+([)) by adding the adjustment phase (pto the 
designated phase 0. Furthermore, the setting section 26 cal 
culates the second phase 0([3:0—([)) by subtracting the adjust 
ment phase ([)fr0m the designated phase 0. 
[0050] Next, the setting section 26 calculates the ?rst delay 
time tl for delaying the periodic signal by the calculated ?rst 
phase 0t. Furthermore, the setting section 26 calculates the 
second delay time t2 for delaying the periodic signal by the 
calculated second phase [3. If the periodic signal is a sine 
Wave signal With a frequency f, for example, the setting sec 
tion 26 calculates the ?rst delay time t 1 and the second delay 
time t2 as shoWn in Expressions 4 and 5. 

Zl:OL/2Tlf Expression 4 

l2:[3/2nf Expression 5 

[0051] The setting section 26 then sets the ?rst variable 
delay section 22 to have the ?rst delay time tl calculated in 
this manner. As a result, the ?rst variable delay section 22 can 
output the ?rst delayed signal S 1 delayed by the ?rst phase 
otfrom the periodic signal. Furthermore, the setting section 26 
sets the second variable delay section 24 to have the second 
delay time t2 calculated in the above manner. As a result, the 
second variable delay section 24 can output the second 
delayed signal S2 delayed by the second phase [3 from the 
periodic signal. 
[0052] The adding section 32 adds together (i) the ?rst 
delayed signal Sl having the prescribed voltage V, the ?rst 
phase 0t, and a prescribed frequency and (ii) the second 
delayed signal S2 having the prescribed voltage V, the second 
phase [3, and the prescribed frequency. The adding section 32 
outputs the output signal Sout (Sout:R><sin(Qt+0)) having 
the designated amplitude R, the designated phase 0, and the 
prescribed frequency. 
[0053] The modulation apparatus 10 according to the 
present embodiment can output an output signal With little 
distortion. Furthermore, the modulation apparatus 10 can 
output an output signal With a large amplitude. 
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[0054] By using the ?rst variable delay section 22 and the 
second variable delay section 24, the siZe of the modulation 
apparatus 1 0 is decreased. Furthermore, the modulation appa 
ratus 10 can decrease the drift due to temperature, processing, 
or the like, thereby achieving stable and accurate operation. 
[0055] FIG. 7 shoWs exemplary cells 40 according to a ?rst 
modi?cation. The modulation apparatus 10 according to the 
present modi?cation adopts substantially the same function 
and con?guration as the modulation apparatus 10 described 
in FIGS. 1 to 6, and therefore components that are the same as 
those in FIGS. 1 to 6 are given the same reference numerals 
and only differing points are included in the folloWing 
description. 
[0056] The ?rst variable delay section 22 and the second 
variable delay section 24 of the present modi?cation each 
include a plurality of cells 40 that each sWitch betWeen tWo 
transmission lines. The difference betWeen the delay times of 
the tWo transmission lines 50 is different for each cell 40 of 
the present modi?cation. 
[0057] For example, a ?rst cell 40 from among the plurality 
of cells 40 may have a time “a” as the difference Atl betWeen 
the delay times of the tWo transmission lines therein. A sec 
ond cell 40 may have a time “2><a” as the difference At2 
betWeen the delay times of the tWo transmission lines therein, 
a third cell 40 may have a time “4><a” as the difference At3 
betWeen the delay times of the tWo transmission lines therein, 
and an n-th cell 40 may have a time “2”><a” as the difference 
At” betWeen the delay times of the tWo transmission lines 
therein, Where n is an integer greater than 1. 
[0058] The difference in the delay time betWeen the tWo 
transmission lines differs for each cell 40, and this difference 
increases by a poWer of 2 for each successive cell 40. If n cells 
40 are provided, the ?rst variable delay section 22 and the 
second variable delay section 24 having this con?guration 
can each change among 2” stages of total delay times. As a 
result, the modulation apparatus 10 according to the ?rst 
modi?cation can change the amplitude and the phase of the 
output signal among many stages. 
[0059] Furthermore, the cells 40 may be designed such that 
the difference in the delay time betWeen the tWo transmission 
lines in each successive cell increases by a poWer less than 2, 
such as l .9. With this design, even When there is an error in the 
difference betWeen delay times in a cell 40 having a certain 
Weighting, the desired total delay time can be set by adding 
together the cell 40 With the certain Weighting and a cell 40 
having a smaller Weighting during the calibration. 
[0060] The ?rst variable delay section 22 and the second 
variable delay section 24 may each further include an equal 
iZer betWeen any tWo cells 40. As a result, the ?rst variable 
delay section 22 and the second variable delay section 24 can 
achieve accurate delays by using the equaliZers to add the 
frequency component lo st When the signal passes through the 
cell 40. 

[0061] FIG. 8 shoWs a con?guration of a cell 40 according 
to a second modi?cation of the present embodiment. The 
modulation apparatus 10 according to the present modi?ca 
tion adopts substantially the same function and con?guration 
as the modulation apparatus 10 described in FIGS. 1 to 6, and 
therefore components that are the same as those in FIGS. 1 to 
6 are given the same reference numerals and only differing 
points are included in the folloWing description. 
[0062] Each cell 40 in the present modi?cation includes a 
transmission line 50, a delay ?lter 60, and a sWitching section 
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52. The transmission line 50 provides a connection between 
the input end 54 and the output end 56 of the cell 40. 
[0063] The delay ?lter 60 is connected in parallel With the 
transmission line 50 betWeen the input end 54 and the output 
end 56 of the cell 40. The delay ?lter 60 includes a resistor 62 
connected betWeen the input end 54 and the output end 56 and 
a capacitor 64 connected betWeen the output end 56 and a 
reference potential, such as a ground potential. This delay 
?lter 60 functions as a ?lter for delaying the signal passing 
therethrough. 
[0064] The sWitching section 52 selects one of the trans 
mission line 50 and the delay ?lter 60, and outputs the signal 
input to the input end 54 from the output end 56 via the 
selected path. The cell 40 sWitches betWeen outputting the 
input signal via the delay ?lter 60 and outputting the input 
signal Without being delayed by the delay ?lter 60. Accord 
ingly, the cell 40 can sWitch the delay amount of the signal 
passing therethrough. 
[0065] When the periodic signal output by the periodic 
signal generating section 20 is a square-Wave signal, the ?rst 
variable delay section 22 and the second variable delay sec 
tion 24 of the present modi?cation may each include a driver 
66 in the ?nal-stage cell 40 therein. The driver 66 outputs 
logic H When the level of the signal output from the cell 40 is 
greater than or equal to a prescribed threshold value, and 
outputs logic L When this level is less than the prescribed 
threshold value. As a result, the driver 66 can shape a signal 
Whose Waveform is dulled by the cell 40 into a square-Wave 
signal delayed by the prescribed delay amount. 
[0066] FIG. 9 shoWs a con?guration ofa cell 40 according 
to a third modi?cation of the present embodiment. The modu 
lation apparatus 10 according to the present modi?cation 
adopts substantially the same function and con?guration as 
the modulation apparatus 10 described in FIGS. 1 to 6, and 
therefore components that are the same as those in FIGS. 1 to 
6 are given the same reference numerals and only differing 
points are included in the folloWing description. 
[0067] Each cell 40 in the present modi?cation includes a 
resistor 62, a capacitor 64, and a sWitching section 68. The 
resistor 62 is connected betWeen the input end 54 and the 
output end 56. The capacitor 64 is connected betWeen the 
output end 56 and the reference potential, such as the ground 
potential. The sWitching section 68 sWitches the capacitance 
of the capacitor 64. 
[0068] For example, the capacitor 64 may include tWo 
capacitor elements connected in parallel betWeen the output 
end 56 and the reference potential. In this case, the sWitching 
section 68 sWitches Whether one of the capacitor elements of 
the capacitor 64 is connected betWeen the output end 56 and 
the reference potential. 
[0069] The cell 40 can sWitch the delay amount of the signal 
passing therethrough. When the periodic signal output by the 
periodic signal generating section 20 is a square-Wave signal, 
the ?rst variable delay section 22 and the second variable 
delay section 24 of the present modi?cation may each include 
a driver 66 in the ?nal-stage cell 40 therein, as described in the 
second modi?cation of FIG. 8. 
[0070] FIG. 10 shoWs an exemplary con?guration of the 
?rst variable delay section 22 and the second variable delay 
section 24 according to a fourth modi?cation of the present 
embodiment. The modulation apparatus 10 according to the 
present modi?cation adopts substantially the same function 
and con?guration as the modulation apparatus 10 described 
in FIGS. 1 to 6, and therefore components that are the same as 
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those in FIGS. 1 to 6 are given the same reference numerals 
and only differing points are included in the folloWing 
description. 
[0071] The ?rst variable delay section 22 and the second 
variable delay section 24 of the present modi?cation each 
include a control voltage generating section 72 and a variable 
delay circuit 74. The control voltage generating section 72 
generates a control voltage corresponding to the delay time 
set by the setting section 26. The control voltage generating 
section 72 may be a DA converter, for example. 
[0072] The variable delay circuit 74 delays the periodic 
signal supplied from the periodic signal generating section 20 
and outputs the resulting signal. The variable delay circuit 74 
has a delay amount that changes according to the control 
voltage generated by the control voltage generating section 
72. 
[0073] The variable delay circuit 74 includes three resistors 
82, an input capacitor 84, an output capacitor 86, a ?rst 
variable-capacitance diode 88-1, a second variable-capaci 
tance diode 88-2, and a coil 90, for example. The three resis 
tors 82 are connected in series betWeen the input end 92 and 
the output end 94. The three resistors 82 propagate the peri 
odic signal input from the input end 92 to be output from the 
output end 94. A DC control voltage generated by the control 
voltage generating section 72 is applied to a connection point 
betWeen a ?rst-stage resistor 82-1 and a second-stage resistor 
82-2, from among the three resistors 82. 
[0074] The input capacitor 84 is inserted in the Wiring 
betWeen the input end 92 and the ?rst-stage resistor 82-1, 
from among the three resistors 82. The input capacitor 84 
eliminates the loW-frequency component of the periodic sig 
nal input to the input end 92. 
[0075] The output capacitor 86 is inserted in the Wiring 
betWeen the output end 94 and a ?nal-stage resistor 82-3, 
from among the three resistors 82. The output capacitor 86 
eliminates the loW-frequency component that is superim 
posed on the periodic signal due to the propagation through 
the three resistors 82, and outputs the resulting signal from the 
output end 94. 
[0076] The ?rst variable-capacitance diode 88-1 is con 
nected betWeen (i) the reference potential, eg the ground 
potential, and (ii) the connection point betWeen the ?rst-stage 
resistor 82-1 and the second-stage resistor 82-2. The ?rst 
variable-capacitance diode 88-1 has a capacitance that 
changes according to the DC potential of the connection point 
betWeen the ?rst-stage resistor 82-1 and the second-stage 
resistor 82-2 
[0077] The second variable-capacitance diode 88-2 is con 
nected betWeen (i) the reference potential and (ii) the connec 
tion point betWeen the second-stage resistor 82-1 and the 
?nal-stage resistor 82-3. The second variable-capacitance 
diode 88-2 has a capacitance that changes according to the 
DC potential of the connection point betWeen the second 
stage resistor 82-1 and the ?nal-stage resistor 82-3. 
[0078] The coil 90 is inserted in the Wiring betWeen (i) the 
control voltage generating section 72 and (ii) the connection 
point betWeen the ?rst-stage resistor 82-1 and the second 
stage resistor 82-2. The coil 90 prevents the periodic signal 
component propagated from the input end 92 to the output 
end 94 from ?oWing to the control voltage generating section 
72. 

[0079] In the variable delay circuit 74, the capacitances of 
the ?rst variable-capacitance diode 88-1 and the second vari 
able-capacitance diode 88-2 change according to the control 
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voltage generated by the control voltage generating section 
72. Therefore, the variable delay circuit 74 can delay the 
periodic signal by a delay amount corresponding to the con 
trol voltage generated by the control voltage generating sec 
tion 72. The variable delay circuit 74 is not limited to this 
con?guration, and may have other con?gurations using vari 
able-capacitance diodes 88. 
[0080] FIG. 11 shoWs exemplary delay signals according to 
a ?fth modi?cation of the present embodiment. The modula 
tion apparatus 10 according to the present modi?cation 
adopts substantially the same function and con?guration as 
the modulation apparatus 10 described in FIGS. 1 to 6, and 
therefore components that are the same as those in FIGS. 1 to 
6 are given the same reference numerals and only differing 
points are included in the folloWing description. 
[0081] In the present modi?cation, the periodic signal gen 
erating section 20 generates a clock With a higher frequency 
than the periodic signal. For example, the periodic signal 
generating section 20 may generate a clock Whose frequency 
is M times that of the periodic signal, Where M is an integer 
greater than 1. 
[0082] In the present modi?cation, the ?rst variable delay 
section 22 and the second variable delay section 24 each 
output a signal that is obtained by dividing the clock gener 
ated by the periodic signal generating section 20 to have the 
same frequency as the periodic signal and that is delayed 
relative to the periodic signal by a number of clocks corre 
sponding to the set delay time. 
[0083] The ?rst variable delay section 22 and the second 
variable delay section 24 may each include 0t divider that 
divides the clock to have the same frequency as the periodic 
signal and a control section that changes the division start 
point of the divider according to the delay time supplied 
thereto. The modulation apparatus 10 of the present modi? 
cation can modulate a periodic signal With a relatively loW 
frequency. 
[0084] FIG. 12 shoWs a con?guration of a test apparatus 
110 according to an embodiment of the present invention. The 
test apparatus 110 of the present embodiment tests a device 
under test 200 by supplying a modulated signal thereto. 
[0085] The test apparatus 110 includes a data generating 
section 122, a modulation apparatus 10, an acquiring section 
124, and a judging section 126. The data generating section 
122 designates an amplitude and phase of the modulated 
signal to be supplied to the device under test 200. 
[0086] The modulation apparatus 10 supplies the device 
under test 200 With a modulated signal corresponding to the 
amplitude and phase designated by the data generating sec 
tion 122. The modulation apparatus 10 is the modulation 
apparatus 10 described in FIGS. 1 to 11, and therefore a 
detailed description is not provided here. 
[0087] The acquiring section 124 acquires a signal output 
by the device under test 200 in response to the supplied 
modulated signal. The judging section 126 judges acceptabil 
ity of the device under test 200 based on the signal acquired by 
the acquiring section 124. 
[0088] The test apparatus 110 of the present embodiment 
uses the modulation apparatus 10 to generate the modulated 
signal supplied to the device under test 200, and can therefore 
have a small structure. Furthermore, the test apparatus 110 
can accurately and stably test the device under test 200. 
[0089] While the embodiments of the present invention 
have been described, the technical scope of the invention is 
not limited to the above described embodiments. It is appar 
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ent to persons skilled in the art that various alterations and 
improvements can be added to the above-described embodi 
ments. It is also apparent from the scope of the claims that the 
embodiments added With such alterations or improvements 
can be included in the technical scope of the invention. 
[0090] The operations, procedures, steps, and stages of 
each process performed by an apparatus, system, program, 
and method shoWn in the claims, embodiments, or diagrams 
can be performed in any order as long as the order is not 
indicated by “prior to,” “before,” or the like and as long as the 
output from a previous process is not used in a later process. 
Even if the process How is described using phrases such as 
“?rst” or “next” in the claims, embodiments, or diagrams, it 
does not necessarily mean that the process must be performed 
in this order. 

What is claimed is: 
1. A modulation apparatus that outputs an output signal 

having a designated amplitude and a designated phase, com 
prising: 

a ?rst variable delay section that outputs a ?rst delayed 
signal obtained by delaying a periodic signal by a set 
delay time; 

a second variable delay section that outputs a second 
delayed signal obtained by delaying the periodic signal 
by a set delay time; 

an adding section that adds together the ?rst delayed signal 
and the second delayed signal, and outputs the result as 
the output signal; and 

a setting section that sets the delay times for the ?rst vari 
able delay section and the second variable delay section 
according to the designated amplitude and the desig 
nated phase. 

2. The modulation apparatus according to claim 1, Wherein 
the setting section sets the ?rst variable delay section to 

have a delay time that delays the periodic signal by a ?rst 
phase amount, Which is acquired by adding an adjust 
ment phase to the designated phase, and sets the second 
variable delay section to have a delay time that delays the 
periodic signal by a second phase amount, Which is 
acquired by subtracting the adjustment phase from the 
designated phase. 

3. The modulation apparatus according to claim 2, further 
comprising: 

a ?rst amplifying section that ampli?es the ?rst delayed 
signal to have a predetermined prescribed amplitude and 
supplies the ampli?ed ?rst delayed signal to the adding 
section; and 

a second amplifying section that ampli?es the second 
delayed signal to have the prescribed amplitude and 
supplies the ampli?ed second delayed signal to the add 
ing section, Wherein 

the setting section sets the ?rst variable delay section and 
the second variable delay section to each have a delay 
time calculated using, as the adjustment phase, an arc 
cosine of a ratio of one half the designated amplitude to 
the prescribed amplitude. 

4. The modulation apparatus according to claim 3, Wherein 
the ?rst amplifying section and the second amplifying sec 

tion each perform ampli?cation With an ampli?cation 
factor that causes saturation at a predetermined pre 
scribed amplitude. 

5. The modulation apparatus according to claim 1, Wherein 
the ?rst variable delay section and the second variable delay 
section each include: 
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a plurality of cells that have switchable delay amounts and 
that are arranged in series; and 

a control section that sWitches the delay amount of each 
cell such that a total delay time of the cells connected in 
series becomes the delay time set by the setting section. 

6. The modulation apparatus according to claim 5, Wherein 
the cells each include: 

a plurality of transmission lines that are provided in parallel 
betWeen an input end and an output end and that have 
different delay amounts from each other; and 

a sWitching section that selects one of the transmission 
lines through Which to output, from the output end, a 
signal input to the input end. 

7. The modulation apparatus according to claim 5, Wherein 
the cells each include: 

a transmission line connected betWeen an input end and an 

output end; 
a delay ?lter that is connected betWeen the input end and 

the output end and that includes a resistor and a capaci 
tor; and 

a sWitching section that selects one of the transmission line 
and the delay ?lter through Which to output, from the 
output end, a signal input to the input end. 

8. The modulation apparatus according to claim 5, Wherein 
the cells each include: 

a resistor connected betWeen an input end and an output 

end; 
a capacitor connected betWeen the output end and a refer 

ence potential; and 
a sWitching section that sWitches capacitance of the capaci 

tor. 
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9. The modulation apparatus according to claim 1, Wherein 
the ?rst variable delay section and the second variable delay 
section each include; 

a control voltage generating section that generates a con 
trol voltage corresponding to the delay time set by the 
setting section; and 

a variable delay circuit having a delay amount that changes 
according to the control voltage. 

10. The modulation apparatus according to claim 1, 
Wherein 

the ?rst variable delay section and the second variable 
delay section each output a signal that (i) is obtained by 
dividing a clock Whose frequency is higher than that of 
the periodic signal to have the same frequency as the 
periodic signal and that (ii) is delayed relative to the 
periodic signal by a number of clocks corresponding to 
the set delay time. 

11. A test apparatus that supplies a device under test With a 
modulated signal to test the device under test, the test appa 
ratus comprising: 

a data generating section that designates an amplitude and 
a phase of the modulated signal; 

the modulation apparatus according to claim 1 that sup 
plies the device under test With the modulated signal 
corresponding to the amplitude and the phase generated 
by the data generating section; 

an acquiring section that acquires a signal output by the 
device under test in response to the modulated signal; 
and 

a judging section that judges acceptability of the device 
under test based on the signal acquired by the acquiring 
section. 


